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Abstract 11 
Riding racehorses is a high-risk profession and optimising safety alongside performance is paramount. 12 
Horseshoes play a critical role in providing traction with the ground surface and are therefore a major 13 
determinant of safety. However, the subjective perceptions of expert riders influence attitudes towards 14 
using different shoes and must be taken into consideration before any changes may be implemented. 15 
This study used a questionnaire-based method to evaluate jockey opinion of four shoeing conditions 16 
(aluminium, steel, GluShu, barefoot) trialled at gallop over turf and artificial surfaces. Nine Lickert-17 
style questions explored impact, cushioning, responsiveness, grip, uniformity, smoothness of ride, 18 
safety, adaptation period and overall rating for each shoe-surface combination. A total of 94 19 
questionnaires, based on 15 horse-rider pairs, were assessed using descriptive statistics and linear mixed 20 
models performed in SPSS (p<0.05). Data indicate that shoe-type significantly affected all question 21 
responses, with the exception of impact. Surface-type significantly affected perception of grip and 22 
safety. Overall, jockeys showed a preference for aluminium and steel shoes across both artificial and 23 
turf tracks. These rated excellent  and were considered to be very supportive  in approximately 80% 24 
of trials, with a 100% active  response, good grip and a quick adaptation period. In contrast, barefoot 25 
and GluShus were generally considered moderately supportive , with barefoot appearing favourable 26 
on the artificial surface. On turf, barefoot was deemed the least smooth, and the only condition that 27 
jockeys sometimes marked unsafe  (17% of responses). Future work aims to investigate the 28 
relationship between jockey opinion and hoof kinematic data.  29 
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1. Introduction 32 
Horseshoes and surface type govern the impact hardness, cushioning, responsiveness, grip and 33 
uniformity experienced at the hoof-ground interface during a hoof strike [1]. The selection of 34 
horseshoes and surfaces is therefore key to optimising performance and safety in many equestrian 35 
disciplines. Nevertheless, in the racing industry, jockeys, horse owners, farriers and veterinarians appear 36 
cautious to move away from traditional horseshoe types, namely aluminium and light-steel shoes. This 37 
may reflect a lack of study on novel versus existing horseshoe types suited for racehorses. Racing 38 




































































guidelines are currently limited to a small number of epidemiological studies, such as toe clip bans and 39 
a general avoidance of unshod hooves on turf in flat races [2]. In the UK, most races are run on turf but 40 
training takes place on both turf and artificial surfaces. Proactive shoeing interventions may be one 41 
means of improving training and racing conditions, limiting catastrophic injuries and thereby ensuring 42 
the sustainability of the sport from ethical and economic perspectives.  43 
The subjective assessment of expert riders regarding racehorse response to shoes and surfaces is an 44 
important consideration before any changes may be implemented. Rider perception of horseshoe and 45 
surface interaction are likely to influence their opinions on safety and risk-taking behaviour linked to 46 
athletic performance and injury. In racing, a jockey positions themselves off the saddle in a two-point 47 
seat and their leg joints flex and extend in a rhythmical manner that aligns with the vertical oscillations 48 
of their horse s trunk [3]. Consequently, their body moves only a small amplitude with respect to a 49 
world inertial frame and is decoupled from the movements of the horse [4]. Haptic communication 50 
exchange in racing is therefore limited, relative to other equestrian disciplines [5,6], to points of contact 51 
via the reins and jockey lower legs – horse flanks. Jockey sensitivity to horse movements is likely 52 
heightened at these positions. Constraints on jockey upper body displacements are expected to be 53 
dictated by the horse s hoof, limb and resulting upper body movements. Hence, the latter features may 54 
influence the ease with which jockeys feel they can maintain dynamic stability under particular ground 55 
surface and shoeing conditions. 56 
The aim of this study was to compare subjective jockey evaluation of fundamental properties of the 57 
hoof-surface interaction across different shoe-surface combinations during galloping. We also aimed to 58 
evaluate how these assessments translate into jockey opinions on safety and shoe-surface combination 59 
preferences. 60 
2. Materials and methods 61 
2.1 Ethics 62 
Ethical approval for this study was received from the RVC Clinical Research Ethical Review Board 63 
(URN 2018 1841-2). Informed consent was given by the jockeys, farriers and owners of the horses 64 
participating in this study.  65 
2.2 Horse and rider participants 66 
Retired Thoroughbred ex-racehorses in regular work and utilised for jockey education at the British 67 
Racing School (BRS) in Newmarket, UK, provided a convenience sample of fourteen horses for this 68 
study. All horses were considered sound by the jockey, farriers and BRS management prior to data 69 
collection. They ranged in age from 6–20 years old and had masses between 421 and 555 kg. Additional 70 
body dimensions and hoof morphometrics are reported in the Supplementary Material (Tables S1–3). 71 
Four riders were available for this study: Jockey-1 is currently a racehorse trainer but was previously a 72 




































































prior to the study, and currently works at the BRS as a riding instructor; Jockey-3 has been working in 74 
racing for approximately 3 years, and currently works as a travelling head person, as well as riding 4 75 
horses per day 6 days per week, ranging from yearlings to older horses; Jockey-4 has a category A and 76 
point-to-point license, with in excess of 40 rides and 5–6 years of experience. 77 
The same horse and jockey pairings were used throughout so horse-rider combination  was fixed, while 78 
shoe-surface condition varied. This was to ensure any individual horse or rider characteristics would 79 
not confound results; such as age [7,8], skill or experience [5,9–13], and underlying movement 80 
asymmetries [5,14–16]. All horses were ridden in a race exercise saddle. Saddles and bridles were 81 
consistent across trials for each horse-rider dyad, but style and fit differed between horses and it was 82 
not possible to evaluate any potential bias arising from tack differences as part of this study. Jockey 83 
stirrup lengths varied between 47 and 50% of their leg lengths from the hip down.  84 
2.3 Farriery interventions 85 
Each study horse had its hooves trimmed by a qualified farrier according to a standardised trimming 86 
protocol to ensure consistent hoof geometry prior to data collection. This meant hoof geometry was 87 
always representative of the beginning of a trimming/shoeing cycle. The duration of the horses  regular 88 
trimming/shoeing cycles are approximately 4 weeks. The horses underwent data trials on artificial 89 
(Martin Collins Activ-Track) and turf surfaces in the following four shoeing conditions: 1) barefoot; 2) 90 
aluminium raceplates; 3) steel shoes; 4) GluShus (aluminum-rubber composite shoes). The horseshoe 91 
selection was based on farriers  recommendations of existing and novel shoeing conditions to trial and 92 
includes relevant and accessible options for racehorses in both training and racing contexts. The four 93 
shoe types were applied with five copper-coated mild steel nails. Shoe mass varied between 245–573 g 94 
(mean=343±15 g, mean ±2 s.e. unless otherwise stated) for steel, 104–158 g (mean=134±3 g) for 95 
aluminium, and 145–249 g (mean=191±7 g) for the GluShus. The different shoe-surface combinations 96 
were tested in a randomized order in case of carry-over effects between trials, for example due to 97 
tiredness of the horse or rider.  98 
2.4 Racing conditions 99 
Following an initial ridden warm-up, each horse galloped on level (0–2% incline) artificial and turf 100 
tracks in each shoeing condition. The tracks curved slightly anti-clockwise. The riders were asked to 101 
gallop their horses on both left and right leads for each shoe-surface combination, in case of any 102 
laterality bias [17]. Horses were not forced to exercise for a duration beyond what is typical of a short 103 
riding session (15–20 minutes), so trials were split across multiple days for each horse-rider dyad. This 104 
meant that between 2 and 4 trials would take place per day, with a typical change over period lasting 105 
45 minutes. Data collection took place on the artificial track from summer 2019 through to early spring 106 
2020. Data collection on the turf track was constrained to the 2019 mid-autumn through to early spring 107 




































































riders, using terms used within the racing industry to describe going  [18], and ranged from soft  to 109 
good-firm . A researcher present across all trials confirmed consistency in descriptions amongst the 110 
riders. In the 72 hours preceding and inclusive of data collection, mean temperature was 9.8±2.3ºC, 111 
mean rainfall was 0.2±0.1 mm and mean humidity was 81.5±2.5%. Full details on daily weather, 3-day 112 
averages, and monthly averages are reported in the supplement.  113 
2.5 Questionnaire 114 
At the end of trials, jockeys were asked to complete a questionnaire. The questionnaire comprised nine 115 
Lickert style questions, exploring rider perception of functional shoe-surface properties familiar to them 116 
[1,19]. The questions included, where appropriate, brief explanations of the terminology being used and 117 
jockeys were openly encouraged to ask for further clarification, if necessary. A copy of the 118 
questionnaire is provided in the supplement. In brief: 119 
x Question 1 asked the jockeys about their opinion of hoof impact. Response options available ranged 120 
from very soft  to very hard . Impact is defined as the shock experienced when the hoof contacts the 121 
surface; at this stage the equine limb experiences high deceleration and, due to the low mass of the hoof, 122 
low forces [20]. Impact firmness will be related to the hardness of the shoe-surface combination and 123 
the initial stiffness during primary impact [1].  124 
x Question 2 explored jockey opinion on the cushioning provided by each shoe-surface combination. 125 
Cushioning describes the extent to which the shoe-surface combination feels supportive compared to 126 
how much it gives, and reflects the ability of a surface to absorb and reduce peak force [1]. Response 127 
options for Question 2 ranged from very supportive  to no support .  128 
x Question 3 asked the jockeys about the responsiveness of the shoe-surface combinations. 129 
Responsiveness describes how active or springy the hoof-surface interaction is and it is related to 130 
deformation and elastic recovery; answer options ranged from active  to not active .  131 
x Question 4 investigated jockey opinion on grip. The amount of grip offered by a shoe-surface 132 
combination reflects how much the horse s foot slides during landing, turning and push off. Question 133 
response options ranged from no grip  (very slippery) to high grip  (no slip).  134 
x Question 5 asked the jockeys to define the uniformity of the shoe-surface combination. That is, how 135 
regular the shoe-surface combination felt when the horse moved across it, ranging from variable  to 136 
uniform .  137 
x Question 6 asked the jockeys to consider the adaptation period, which is the time taken to adapt to 138 
shoe-surface combination. Response options ranged from instantaneous  to no adaptation .  139 
x Question 7 asked about the smoothness of ride, ranging from very smooth  to very disruptive .  140 
x Question 8 questioned the jockeys on how safe they felt with the shoe type and surface combination, 141 




































































x Finally, in Question 9 we asked the jockeys to provide an overall rating on the shoe-surface 143 
combination. Response options for this question ranged from very poor  to excellent .  144 
There was also space for the jockeys to provide any further comments on each trial, such as adjustments 145 
they had to make when riding in a particular shoe-surface combination. This allowed for the emergence 146 
of issues not pre-empted by the researchers.  147 
2.6 Statistical methods 148 
Descriptive statistics were used to investigate jockey responses to the nine questions. Nine linear mixed 149 
models were implemented in SPSS to test for significant differences in the responses, under the different 150 
shoe and surface conditions. Shoe, surface and shoe-surface interaction  were defined as fixed factors 151 
and horse-rider pair and day as random factors. Histograms of models  residuals were plotted and 152 
inspected for normality. The significance threshold in all statistical tests was set at p<0.05. Pearson 153 
Product Moment Correlation Coefficients were quantified using estimated marginal mean values from 154 
the models for each of the shoe-surface combinations; this allowed us to explore the relationships 155 
between question topics. 156 
3. Results 157 
There were 94 questionnaires completed by the jockeys for 94 trials. Table 1 summarises the trials 158 
completed by each horse-rider pair. The answer to question nine was missing in one form, giving a total 159 
of 845 responses. The distribution in responses are illustrated in Figure 1. There were ten instances 160 
where jockeys marked a mid-way point between question answer options: for example, by ticking both 161 
good  and excellent . These responses were assigned a mid-way score between the selected answers. 162 
Five responses to Question 3 had a did not notice  response; these were left blank in the linear mixed 163 
models. The linear mixed model results for tests of the fixed effects are summarized in Table 2. The 164 
estimated marginal means from the linear mixed models are provided in Tables 3 5 for shoe, surface 165 
and shoe-surface combinations, respectively. For questions where shoe-types were significantly 166 
different, the results of pairwise comparisons of their estimated marginal means, with Bonferroni 167 
correction, are given in Table S5. For questions where shoe and surface interaction had a significant 168 
effect on the responses, pairwise comparisons between estimated marginal means for the different shoe-169 
surface combinations, with Bonferroni correction, are given in Table S6.  170 
3.1 Question 1: Impact 171 
Data indicate that barefeet, GluShus and steel shoes felt very soft  or soft  on impact for both artificial 172 
and turf tracks in 55–69% of trials, whereas aluminium shoes on turf were always considered very 173 
soft – soft . A third of all aluminium trials were considered to be very soft  on both surfaces. However, 174 
the linear mixed models indicated that shoe-type, surface and shoe-surface interactions did not have a 175 




































































3.2 Question 2: Cushioning 177 
Cushioning was described as very supportive  for steel and aluminium shoes in approximately 80% of 178 
trials on both surfaces, and moderately supportive  for the majority of barefoot and GluShu trials. The 179 
only condition reported to offer limited support was the barefoot on artificial condition, but this was in 180 
<7% of responses. No shoe-surface conditions were thought to offer no support. The linear mixed model 181 
for this question indicated that shoe-type had a significant effect on jockey perception of cushioning 182 
(p<0.0005) (Table 2). Surface and shoe-type did not have a significant effect on jockey responses 183 
(p>0.05).  184 
3.3. Question 3: Responsiveness 185 
Steel and aluminium shoes created an active response in 100% of trials across both surfaces, according 186 
to the jockeys. In a small number of trials, GluShus (9–10%) and barefoot (13–17%) were considered 187 
to be unreactive. However, there were five instances when the jockeys did not notice  the 188 
responsiveness of the barefoot (7% of trials) or GluShu on turf (30% of trials) conditions. The linear 189 
mixed model for this question indicated that shoe-type had a significant effect on jockey perception of 190 
responsiveness (p=0.013) (Table 2). Surface and shoe-surface interaction did not have a significant 191 
effect on jockey responses (p>0.05). 192 
3.4 Question 4: Grip 193 
The highest grip was thought to be conferred by aluminium and steel shoes on the artificial track (92% 194 
of responses). These shoeing conditions also offered the most grip on turf: 67 and 75% of responses 195 
reported high grip  for aluminium and steel, respectively. In general, barefoot on turf was considered 196 
to provide the least grip, offering moderate grip  in 92% of trials. The only condition reported to 197 
provide no grip and hence feel very slippery  was the steel on turf condition (8% of trials). Shoe-type 198 
and surface both had a significant effect on jockey perception of grip (p=0.002, Table 2; and p=0.001, 199 
respectively). Shoe-surface interaction did not have a significant effect on jockey responses to this 200 
question (p>0.05). 201 
3. 5 Question 5: Uniformity 202 
For steel and GluShu shoes, trials on both turf and artificial surfaces created a uniform response 203 
according to the jockeys in 100% of trials. Aluminium shoes created a uniform response in 100% of 204 
trials on the artificial surface and 89% of trials on turf. Barefoot on artificial was deemed to feel uniform 205 
in 87% of trials, although barefoot on turf was more commonly variable (42% of trials). The linear 206 
mixed models reported shoe-type had a significant effect on jockey perception of uniformity 207 
(p<0.0005). Surface and shoe-surface interaction did not have a significant effect on jockey responses 208 




































































3.6 Question 6: Adaptation period 210 
The adaptation period for steel and aluminium shoes was nearly always instantaneous. For the GluShus, 211 
adaptation occurred either instantaneously or by the end-of the warm up. The horses generally took the 212 
longest adapting to the barefoot condition and there were a few occasions on both the turf (8%) and 213 
artificial (13%) track when the adaptation was not considered to have taken place until the end of the 214 
first run. The linear mixed models confirmed shoe-type had a significant effect on jockey perception of 215 
adaptation (p<0.0005), but neither surface nor shoe-surface combination had a significant effect on 216 
jockey perception of adaptation (p>0.05). 217 
3.7 Question 7: Smoothness of the ride 218 
Aluminium and steel shoes created similar jockey responses across surfaces, although with a trend 219 
towards increasing smoothness on the artificial track. The barefoot on turf condition was deemed the 220 
least smooth, with half of the trials either considered neither smooth nor irregular  (42%) or irregular  221 
(8%). On the artificial track, barefoot was mostly rated smooth  (60%). The linear mixed model for 222 
this question indicated that shoe-type had a significant effect on jockey perception of smoothness 223 
(p<0.0005), but surface and shoe-surface combination did not have a significant effect (p>0.05). 224 
3.8 Question 8: Safety 225 
Shoe-type, surface and shoe-surface interaction all had a significant effect on jockey perception of 226 
safety (p<0.0005, p=0.004 and p=0.027, respectively). In most cases, all trialled shoe-surface 227 
combinations were considered safe  or very safe . However, the barefoot on turf condition was felt to 228 
be unsafe in 17% of trials. The aluminium and steel shoes were considered very safe  in 83–85% of 229 
trials on the artificial track and 67–75% of trials on turf. On turf and artificial surfaces, GluShus rated 230 
safe  in 82% and 90% of trials, respectively. 231 
3.9 Question 9: Overall rating 232 
Shoe-type had a significant effect on jockey perception of impact (p<0.0005). Surface and shoe-type 233 
did not have a significant effect on jockey responses to this question (p>0.05). Steel and aluminium 234 
shoes rated excellent  in approximately 80% of trials across both surfaces. GluShus rated good  in 75 235 
and 85% of trials on the artificial and turf surfaces, respectively. The barefoot condition appeared to be 236 
slightly more favoured on the artificial over the turf track. 237 
The three replicate trials (Table 1) showed agreement on all questionnaire responses, with the exception 238 
of Question 1 in one trial, equating to an individual reproducibility of 96%. In comparison, Jockey-1 239 





































































4. Discussion 242 
This study sought to evaluate jockey perception of hoof-surface interactions and safety under eight 243 
different shoeing and surface conditions. The results emphasise a strong influence of shoeing condition 244 
on rider perception of cushioning, responsiveness, grip, uniformity, adaptation, safety and overall 245 
rating. The impact experienced on landing, was the only feature explored that showed no difference 246 
amongst shoeing conditions. A difference between the artificial and turf tracks was only perceived to 247 
be apparent in terms of grip and safety. 248 
Overall preferences suggest jockeys favour the more familiar shoeing conditions, steel and aluminium, 249 
and do not consider these to be significantly different from each other based on all nine question topics 250 
(Table S5). Intriguingly, jockeys  perceptions appear to be in slight conflict with centre of mass 251 
displacement patterns for the horses and jockeys under the different shoeing and surface conditions 252 
studied here (Horan et al., unpublished data); these data point towards similarities in horse and rider 253 
vertical displacements under barefoot and aluminium conditions compared to GluShu and steel. Despite 254 
the jockey preferences, there were still occasions when their favoured shoes were associated with 255 
undesirable interactions with the surface; for example, the steel was occasionally very slippery on turf.  256 
From the perspective of cushioning (Question 2), barefoot and GluShu shoess provoked a consistent 257 
response to each other, which was significantly different from the metal shoes. This may reflect 258 
differences in the pressure distribution at the hoof sole in the GluShu and barefoot conditions: the lower 259 
rigidity of these materials, relative to metal, may cause the toe to sink less on impact, meaning increased 260 
pressure is distributed palmarly. This possible alteration to hoof balance may create the perception of 261 
lowered stability and also explain the occasional feelings of unresponsiveness (Question 3). Overall, 262 
the steel shoe appeared to offer a mid-way option in terms of grip (Question 4), as it was not significantly 263 
different to any of the other shoe-types. However, jockey responses indicate that some caution should 264 
be taken when riding with steel shoes on turf, if this is deemed to be occasionally very slippery. Some 265 
degree of hoof slip at impact is advantageous for lowering forces during deceleration [21,22] and 266 
reducing bending moments on the cannon bone [23]. However, excessive hoof slide can predispose to 267 
injury, such as tears to the digital flexor muscles [24]. Nevertheless, the response options for this 268 
question did not allow jockeys to distinguish between slip at impact versus slip at foot-off, and this 269 
requires further investigation. In the barefoot condition, uniformity (Question 5) was considered to be 270 
significantly reduced relative to all other shoeing conditions. Perhaps this is linked to increased hoof 271 
deformation on landing in the unshod condition [25] and less restricted hoof rotation. 272 
It was an inevitable limitation of the study that jockeys could not be blinded to the trial conditions. This 273 
was because the jockeys had to guide the horses to the appropriate gallop tracks and could identify shoe-274 
types by listening to their sound on the tarmac access routes even without looking directly at the horses  275 




































































the tendency toward a shoeing preference of aluminum and steel over barefoot and GluShus might 277 
reflect the jockeys  or horses  prior experience racing and training in these conditions. Indeed, the 278 
jockeys perceived an instantaneous adaptation to these conditions (Question 6). Jockey-1 also 279 
commented on their horse feeling balanced, springy and confident, and in hi  comfo  one  and 280 
comfo able  to ride when in steel shoes compared to barefoot. However, it is worth noting that the 281 
results from this survey are limited to just four jockeys and responses are dominated by the opinions of 282 
Jockey-3, simply based on their greater availability to complete ridden trials. Nevertheless, as horse-283 
jockey pairings were fixed, we do not expect differences in jockey experience to have skewed results.    284 
A further limitation of this study was that variability in ground conditions were not well-characterised. 285 
The mechanical properties of surfaces, including impact resistance, are highly dependent upon 286 
temperature and moisture content [26–31]. Inter and intra-track variability across data collection days 287 
may explain the lack of surface effect on most parameters. Although the artificial surface investigated 288 
is harrowed regularly as part of regular maintenance, it was noticeably sensitive to changing moisture 289 
content, even on hourly timescales. Notably, Jockey-3 commented that hen he a ificial face i  290 
drier it rides slower and the imprint is deep and it feels like there is less grip, whereas if it rains it 291 
compac . In contrast, the turf in our study area was always well drained, owing to the underlying 292 
chalk lithology, and our access to the track was limited to days when conditions were deemed no harder 293 
than good-firm  by the jockeys and facilitating staff at the British Racing School. Nevertheless, on the 294 
turf surface, Jockey-3 also commented that hen i  i  of er it feels safer as the horse s toe sticks in, 295 
whereas if it is too firm there is more slip . Kinematic studies report that increased loading of the toe 296 
at mid-stance on soft surfaces increases forward rotation of the hoof [32]. It is possible that this effect 297 
may smooth breakover and facilitate a more stable horse-jockey co-ordination pattern during the 298 
propulsive phase, encouraging a safer feel . It is also possible that the agreement between Jockey-1 299 
and Jockey-3 responses, across comparable shoe-surface conditions within Horse-1, was lower than 300 
individual jockey response reproducibility because of surface differences. Jockey-1 rode on an 301 
unusually cold and frosty day (17/01/2019), when daily humidity was 20% lower than on the day 302 
Jockey-3 undertook the same trials (14/03/2020) (Table S4). Although surface variability may also have 303 
influenced jockey perception of the shoeing conditions, this is considered unlikely as there was no bias 304 
towards testing particular shoeing conditions under certain surface settings. 305 
In terms of impact, it was perhaps surprising that neither shoe nor surface appeared to influence jockey 306 
opinion. Previous work has alluded to the importance of both surface-type [33–36] and shoe-type [37–307 
40] on impact vibrations, forces and joint kinematics. However, it is possible that surface effects 308 
dominated the degree of shock absorption experienced on impact here relative to the shoeing condition, 309 
which is in agreement with previous work [41]. Perhaps more subtle effects of shoeing on impact may 310 
be more noticeable on more uniform, hard level surfaces or detectable via hoof mounted sensors, where 311 




































































surfaces across data collection days in this study might explain why the jockeys did not perceive impact 313 
to be affected by shoe or surface condition. It is also possible that variations in impact were 314 
imperceivable by the rider due to the horse s ability to damp around 70% of impact vibrations at the 315 
level of the hoof [43]: the strength of the impact signal transferred to the rider from the horses  upper 316 
body is therefore perhaps below detection limits. 317 
To explore the relationship between question topics in more detail, we calculated the Pearson Product 318 
Moment Correlation Coefficient between estimated marginal mean values for the shoe-surface 319 
combinations (Table 5). The direction of the scoring system for each question is provided alongside a 320 
correlation matrix of the results (Fig. 2). The overall ratings were strongly influenced by cushioning, 321 
responsiveness and smoothness (all correlation coefficients >±0.97), and to a lesser extent, but still 322 
highly correlated, with safety (-0.89) and grip (0.80). Uniformity was the least associated with the 323 
overall rating (0.59), followed by impact (-0.76). Safety showed the strongest correlation with a smooth 324 
ride (0.92) and grip (-0.94); this is perhaps unsurprising as a horse-jockey dyad that can move smoothly 325 
over stride cycles with secure footing is likely to be stable, and less susceptible to injury. In future, it 326 
would be interesting to explore whether hoof kinematic data hold any predictive potential for defining 327 
upper body movement responses and associated rider kinematics, as this may help explain why jockeys 328 
feel more comfortable and safe in particular conditions. For example, shoe-surface combinations that 329 
offer high grip may allow limbs more time to provide weight-bearing and propulsive forces during 330 
stance and alter equine pelvic motion [44] and by implication rider motion. Furthermore, moving 331 
forward, more specific consideration at the level of the individual horse-rider combination is likely to 332 
be advantageous to optimise hoof balance, shock dampening, slip, pressure distribution, breakover and 333 
hoof mechanism. For example, in our study, Jockey-3 reported a concern when trialling the GluShus 334 
on artificial with Horse-7 of them having harder interaction with surface  could have longer lasting 335 
leg damage in f e f om fo ce? , whereas he commented they were very comfortable and 336 
ppo i e  when riding Horse-1. Exploring new shoeing materials and surface combinations for the 337 
racing athlete may offer benefits to the conformationally and orthopaedically compromised horse. 338 
The terms used in Questions 1–5 are possible to quantify objectively [1,19] and our future work will 339 
use a custom-built horseshoe testing device to explore the correlation between objective biomechanical 340 
measurements, such as hoof accelerations, and jockey opinion. Based on the outputs of this study, which 341 
do not indicate significant differences amongst shoes or surfaces based on impact, we intend to place 342 
emphasis on exploring the stance and push-off stages of the stride cycle. This will also allow us to build 343 
on previous work that has focussed primarily on impact [e.g. 19,44].  This work should form the basis 344 
for further studies on factors influencing risk taking behaviour in jockeys and how this can be influenced 345 
to decrease jockey injury rate. Globally, the incidence of jockey falls and injuries ranges from 2 to 4 346 
falls and 1 to 2 injuries per 1000 race rides in flat racing and 48 to 91 falls and 5 to 12 injuries per 1000 347 




































































based on injury type and prevalence [46–49], attention to the ways in which riders perceive, experience 349 
and manage risk has received less attention. Research is pointing towards the importance of feeling a 350 
responsibility to care for the horse influencing risk-taking in equestrian sports [50]. Rider perceptions 351 
of their own and their horses  abilities are also important [51]. The need to maintain stability over stride 352 
cycles, independent of the external environment, appears to be reflected in compensatory cranial-caudal 353 
and vertical centre of mass displacement differences between jockeys and their horses (Horan et al., 354 
unpublished data). The degree of jockey adaptation required to maintain stability would appear to be 355 
related to the shoe-surface combination, and hence the extent of any active involvement deemed 356 
necessary is likely to influence jockey opinion. Consequently, investigating how jockeys perceive and 357 
accept levels of risk using a multifactorial approach, which also accounts for the role of extrinsic factors 358 
such as shoe-type and surfaces, may form a valuable basis of future work.  359 
5. Conclusion 360 
Evaluating jockey opinion of hoof-surface interaction at gallop is helpful for understanding how their 361 
safety and stability can be optimized when moving over different surfaces during training and racing. 362 
This study used a questionnaire to understand how jockeys perceive the influence of different shoe and 363 
surface conditions on hoof kinematics and their feelings of safety. Shoe-type more commonly affected 364 
jockey responses than surface-type, but this may reflect variability in ground conditions across data 365 
collection days, linked to weather. The safety ratings emphasise smoothness and grip are important 366 
associated considerations. Overall ratings suggest jockey shoeing preferences align with the most 367 
common current practices of using steel and aluminium shoes, perhaps because these were perceived 368 
to offer the most support, and proved to be responsive and uniform across both surfaces, with generally 369 
sufficient grip and a smooth feel. However, these conditions are also those most familiar to the riders. 370 
This research is expected to form a basis for future work exploring rider behaviour and opinions under 371 
different horseshoe-surface combinations at different gaits, on turns and over inclined surfaces. 372 
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Fig. 1 Bar graphs illustrating jockey responses to 
nine questions investigating their experience of 
eight shoe-surface combinations trialled at gallop. 
(a) Question 1: Impact. (b) Question 2: Cushioning. 
(c) Question 3: Responsiveness. (d) Question 4: Grip. 
(e) Question 5: Uniformity. (f) Question 6: 
Adaptation period. (g) Question 7: Smoothness of 
ride. (h) Question 8: Safety. (i) Overall rating. The 
number of surveys completed per shoe-surface 




















































































Fig. 2 Correlation matrix illustrating the relationship between question responses. Correlation colour scale 542 
reflects available range of Pearsson Product Moment Correlation Coefficient values, from +1 (red) to -1 (green). 543 
Correlation values were quantified by considering the relationship between estimated marginal means of question 544 
scores for the eight possible shoe-surface combinations. The question scoring system is summarized beneath the 545 
correlation matrix.546 
Scoring system from linear mixed models 
Impact 1.00 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF!
Cushioning 0.71 1.00 #REF! #REF! #REF! #REF! #REF! #REF! #REF!
Responsiveness -0.77 -0.97 1.00 #REF! #REF! #REF! #REF! #REF! #REF!
Grip -0.62 -0.79 0.80 1.00 #REF! #REF! #REF! #REF! #REF!
Uniformity -0.22 -0.60 0.58 0.72 1.00 #REF! #REF! #REF! #REF!
Adaptation period 0.73 0.96 -0.93 -0.80 -0.66 1.00 #REF! #REF! #REF!
Smoothness 0.78 0.97 -0.98 -0.85 -0.63 0.96 1.00 #REF! #REF!
Safety 0.68 0.89 -0.89 -0.94 -0.60 0.89 0.92 1.00 #REF!
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Table 2. Output of linear mixed models. Shoe, surface and shoe-surface interactions that had a significant effect 
on jockey responses are highlighted in bold. 
 
Question  Source F value p value 
1. Impact Shoe 2.506 0.067 
 Surface 0.053 0.819 
  Shoe * Surface 0.576 0.633 
2. Cushioning Shoe 16.729 0.000 
 Surface 0.510 0.478 
  Shoe * Surface 0.147 0.932 
3. Responsiveness Shoe 3.890 0.013 
 Surface 0.257 0.614 
  Shoe * Surface 0.146 0.932 
4. Grip Shoe 5.613 0.002 
 Surface 10.977 0.001 
  Shoe * Surface 1.221 0.308 
5. Uniformity Shoe 7.763 0.000 
 Surface 3.138 0.082 
  Shoe * Surface 1.977 0.126 
6. Adaptation period Shoe 23.759 0.000 
 Surface 0.015 0.901 
  Shoe * Surface 2.131 0.103 
7. Smoothness Shoe 19.984 0.000 
 Surface 2.041 0.157 
  Shoe * Surface 0.285 0.836 
8. Safety Shoe 19.665 0.000 
 Surface 9.250 0.004 
  Shoe * Surface 3.258 0.027 
9. Overall rating Shoe 33.275 0.000 
 Surface 0.806 0.372 




































































Table 3. Estimated marginal means for shoe effects.  
Question Shoe Mean Std. 
Error 






1. Impact Aluminium 1.971 0.181 39.614 1.604 2.337 
 Barefoot 2.452 0.165 30.866 2.114 2.789 
 GluShu  2.450 0.183 34.716 2.079 2.822 
  Steel 2.279 0.173 32.157 1.927 2.631 
2. Cushioning Aluminium 1.253 0.101 54.650 1.052 1.455 
 Barefoot 1.868 0.090 44.588 1.687 2.049 
 GluShu  1.686 0.101 43.016 1.481 1.891 
  Steel 1.157 0.094 43.139 0.968 1.347 
3. Responsiveness Aluminium 2.011 0.056 49.321 1.899 2.124 
 Barefoot 1.829 0.052 41.695 1.724 1.935 
 GluShu  1.875 0.061 41.878 1.751 1.998 
  Steel 2.000 0.053 39.993 1.894 2.107 
4. Grip Aluminium 2.792 0.103 68.605 2.586 2.997 
 Barefoot 2.364 0.091 60.211 2.182 2.546 
 GluShu  2.476 0.102 65.477 2.271 2.680 
  Steel 2.773 0.095 55.403 2.583 2.964 
5. Uniformity Aluminium 1.947 0.058 61.530 1.832 2.062 
 Barefoot 1.723 0.051 52.641 1.621 1.826 
 GluShu  2.010 0.058 46.935 1.894 2.127 
  Steel 2.010 0.053 49.783 1.903 2.117 
6. Adaptation period Aluminium 1.026 0.102 48.882 0.821 1.232 
 Barefoot 1.776 0.093 39.739 1.588 1.964 
 GluShu  1.529 0.102 47.963 1.324 1.735 
  Steel 1.024 0.097 41.061 0.827 1.220 
7. Smoothness Aluminium 1.153 0.126 86.000 0.902 1.404 
 Barefoot 2.242 0.111 86.000 2.021 2.462 
 GluShu  1.955 0.125 86.000 1.706 2.203 
  Steel 1.282 0.115 86.000 1.054 1.510 
8. Safety Aluminium 1.273 0.100 49.675 1.071 1.474 
 Barefoot 1.877 0.090 39.311 1.694 2.059 
 GluShu  1.882 0.102 41.951 1.676 2.088 
  Steel 1.253 0.094 39.372 1.063 1.444 
9. Overall rating Aluminium 4.781 0.119 50.141 4.542 5.020 
 Barefoot 3.689 0.107 40.971 3.473 3.905 
 GluShu  3.991 0.122 49.125 3.746 4.236 






































































Table 4. Estimated marginal means for surface effects. 







1. Impact Artificial 2.271 0.141 16.502 1.974 2.569 
  Turf 2.304 0.150 19.253 1.990 2.619 
2. Cushioning Artificial 1.459 0.071 18.721 1.310 1.609 
  Turf 1.523 0.078 20.513 1.361 1.685 
3. Responsiveness Artificial 1.941 0.042 18.835 1.854 2.028 
  Turf 1.917 0.046 24.328 1.821 2.012 
4. Grip Artificial 2.755 0.070 29.600 2.613 2.897 
  Turf 2.447 0.076 31.181 2.293 2.602 
5. Uniformity Artificial 1.969 0.040 21.786 1.886 2.052 
  Turf 1.876 0.043 22.898 1.787 1.966 
6. Adaptation period Artificial 1.334 0.078 22.407 1.172 1.495 
  Turf 1.344 0.084 25.842 1.172 1.516 
7. Smoothness Artificial 1.572 0.081 86.000 1.412 1.733 
  Turf 1.743 0.088 86.000 1.568 1.918 
8. Safety Artificial 1.440 0.075 18.929 1.284 1.597 
  Turf 1.702 0.081 21.662 1.534 1.870 
9. Overall rating Artificial 4.350 0.088 20.791 4.166 4.534 






































































Table 5. Estimated marginal means for shoe-surface combinations. 











1. Impact Aluminium Artificial 2.100 0.219 63.526 1.663 2.536 
  Turf 1.841 0.248 73.744 1.348 2.335 
 Barefoot Artificial 2.404 0.199 54.809 2.005 2.803 
  Turf 2.500 0.220 62.563 2.060 2.940 
 GluShu  Artificial 2.427 0.228 61.676 1.971 2.883 
  Turf 2.474 0.239 67.758 1.996 2.951 
 Steel Artificial 2.155 0.214 58.717 1.727 2.584 
    Turf 2.403 0.222 62.339 1.960 2.846 
2. Cushioning Aluminium Artificial 1.268 0.127 77.777 1.016 1.520 
  Turf 1.239 0.145 82.521 0.950 1.528 
 Barefoot Artificial 1.806 0.114 73.844 1.579 2.033 
  Turf 1.930 0.127 76.312 1.677 2.184 
 GluShu  Artificial 1.655 0.133 73.945 1.390 1.919 
  Turf 1.717 0.139 77.613 1.440 1.995 
 Steel Artificial 1.109 0.123 74.325 0.864 1.354 
    Turf 1.206 0.128 76.043 0.951 1.460 
3. Responsiveness Aluminium Artificial 2.007 0.069 69.661 1.869 2.145 
  Turf 2.015 0.079 75.826 1.858 2.173 
 Barefoot Artificial 1.853 0.065 67.464 1.724 1.981 
  Turf 1.806 0.073 70.379 1.662 1.951 
 GluShu  Artificial 1.908 0.072 62.898 1.763 2.053 
  Turf 1.842 0.089 76.694 1.664 2.019 
 Steel Artificial 1.998 0.067 66.839 1.863 2.132 
    Turf 2.003 0.070 69.166 1.863 2.142 
4. Grip Aluminium Artificial 2.914 0.132 84.514 2.653 3.176 
  Turf 2.669 0.152 85.391 2.368 2.971 
 Barefoot Artificial 2.660 0.118 82.656 2.425 2.895 
  Turf 2.069 0.132 83.416 1.806 2.331 
 GluShu  Artificial 2.544 0.137 84.819 2.271 2.817 
  Turf 2.407 0.145 84.021 2.119 2.694 
 Steel Artificial 2.901 0.127 81.637 2.648 3.155 
    Turf 2.645 0.132 82.073 2.382 2.909 
5. Uniformity Aluminium Artificial 2.000 0.074 80.418 1.854 2.147 
  Turf 1.894 0.085 83.635 1.725 2.062 
 Barefoot Artificial 1.864 0.066 78.752 1.732 1.995 
  Turf 1.583 0.074 79.481 1.436 1.730 
 GluShu  Artificial 2.004 0.077 75.663 1.851 2.157 
  Turf 2.017 0.081 79.606 1.856 2.178 
 Steel Artificial 2.008 0.071 78.546 1.866 2.149 
  Turf 2.012 0.074 79.329 1.865 2.159 
6. Adaptation period Aluminium Artificial 1.073 0.124 70.842 0.826 1.319 
  Turf 0.980 0.141 78.151 0.700 1.260 




































































  Turf 1.938 0.125 70.002 1.690 2.187 
 GluShu  Artificial 1.627 0.129 73.336 1.371 1.883 
  Turf 1.431 0.135 75.107 1.162 1.701 
 Steel Artificial 1.021 0.121 66.909 0.780 1.263 
    Turf 1.026 0.125 69.549 0.775 1.276 
7. Smoothness Aluminium Artificial 1.083 0.165 86.000 0.755 1.412 
  Turf 1.222 0.191 86.000 0.843 1.602 
 Barefoot Artificial 2.067 0.148 86.000 1.773 2.361 
  Turf 2.417 0.165 86.000 2.088 2.745 
 GluShu  Artificial 1.909 0.173 86.000 1.566 2.252 
  Turf 2.000 0.181 86.000 1.640 2.360 
 Steel Artificial 1.231 0.159 86.000 0.915 1.547 
    Turf 1.333 0.165 86.000 1.005 1.662 
8. Safety Aluminium Artificial 1.177 0.124 73.778 0.930 1.423 
  Turf 1.369 0.141 80.650 1.088 1.650 
 Barefoot Artificial 1.543 0.112 67.232 1.319 1.766 
  Turf 2.211 0.124 72.298 1.963 2.459 
 GluShu  Artificial 1.845 0.130 71.233 1.586 2.104 
  Turf 1.918 0.136 75.236 1.647 2.189 
 Steel Artificial 1.196 0.120 69.123 0.956 1.436 
    Turf 1.310 0.125 72.121 1.061 1.559 
9. Overall rating Aluminium Artificial 4.786 0.147 73.998 4.493 5.079 
  Turf 4.776 0.168 79.682 4.441 5.111 
 Barefoot Artificial 3.784 0.133 68.257 3.519 4.049 
  Turf 3.594 0.148 72.644 3.300 3.889 
 GluShu  Artificial 4.022 0.160 77.456 3.703 4.341 
  Turf 3.960 0.161 76.593 3.639 4.281 
 Steel Artificial 4.808 0.143 69.301 4.522 5.094 
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Figure S1 (end) 
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